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PHOSPHOR OF SIALON CRYSTAL,
METHOD FOR PRODUCING PHOSPHOR
AND LIGHT EMITTING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the present invention relate to a phos-
phor for emitting yellow light, a method for producing the
phosphor and a light emitting device.

2. Description of Related Art

Phosphor powders are used, for example, for light emit-
ting devices such as light emitting diodes (LEDs). Light
emitting devices comprise, for example, a semiconductor
light emitting element which is arranged on a substrate and
emits light of a pre-determined color, and a light emitting
portion containing a phosphor powder in a cured transparent
resin, that is, an encapsulating resin. The phosphor powder
contained in the light emitting portion emits visible light by
being excited by ultraviolet light or blue light emitted from
the semiconductor light emitting element.

Examples of the semiconductor light emitting element
used in a light emitting device include GaN, InGaN, AlGaN
and InGaAlP. Examples of the phosphor of the phosphor
powder used include a blue phosphor, a green phosphor, a
yellow phosphor and a red phosphor, which emit blue light,
green light, yellow light and red light, respectively, by being
excited by the light emitted from the semiconductor light
emitting element.

In light emitting devices, the color of the radiation light
(emitted light) can be adjusted by including various phos-
phor powders such as a yellow phosphor in an encapsulating
resin. More specifically, using in combination a semicon-
ductor light emitting element and a phosphor powder which
absorbs light emitted from the semiconductor light emitting
element and emits light of a predetermined wavelength
range causes action between the light emitted from the
semiconductor light emitting element and the light emitted
from the phosphor powder, and the action enables emission
of light of a visible light region or white light.

In the past, a phosphor containing strontium and having a
cerium-activated sialon (Si—Al—O—N) structure (Sr sia-
lon phosphor) has been known.

CITATION LIST
Patent Document

Patent Document 1: International Publication No. 2007/
105631

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

However, a Sr sialon phosphor having higher luminous
efficiency (efficacy) has been requested recently.

The present invention has been made under the above
circumstances, and an object of the present invention is to
provide a phosphor having a Sr sialon structure with high
luminous efficiency, a method for producing the phosphor,
and a light emitting device.

Means for Solving the Problems

A phosphor, a method for producing a phosphor and a
light emitting device according to the embodiment of the

10

15

20

25

30

35

40

45

50

55

60

65

2

present invention have been accomplished based on the
technical finding that when a Sr sialon phosphor having a
specific composition has a particle shape closer to a sphere,
luminance (brightness) of a light emitting device using the
Sr sialon phosphor is increased.

Wadell’s sphericity () is known as an index for deter-
mining whether a particle shape is close to a sphere or not.

Wadell’s sphericity () is defined by formula (Al) as a
ratio of a surface area of a sphere having a same volume as
that of an actual particle to a surface area of the actual
particle.

[Expression 1]

P=(A surface area of a sphere having a same volume as
that of an actual particle)/(A surface area of an actual
particle) (Al)

Generally, in a particle having a certain volume, a surface
area of a particle having a spherical shape is the smallest.
Therefore, in common particles, Wadell’s sphericity (1) is 1
or less, and it approaches 1 as the particle shape approaches
a sphere.

A Sr sialon phosphor generally belongs to a low-sym-
metrical crystal system known as an orthorhombic system.
Therefore, a particle shape of a Sr sialon phosphor has
generally been a particle shape different from a sphere, for
example, a shape such as tabular and columnar. The particle
shape evaluated by Wadell’s sphericity (1) has been 0.50 or
less, which has been a shape quite different from a sphere.

Incidentally, in a light emitting device in which a semi-
conductor light emitting clement and a phosphor are used in
combination, light emitted from the semiconductor light
emitting element is reflected by a surface of the phosphor or
absorbed by the phosphor to cause the phosphor to emit
light, and then the light emitted from the phosphor is
transmitted outside while repeating multiple reflection,
including reflection by surfaces of other phosphors.

However, when such a phenomenon of light reflection
occurs, an energy loss of light will occur. Therefore, accord-
ing to computer simulation or the like, it has been expected
that a sphere having a small surface area will be suitable as
a particle shape of a phosphor.

Under such circumstances, the present inventors have
aimed at increasing sphericity of particle shapes of a Sr
sialon phosphor. As a result, it has been found that when
process conditions in producing a phosphor are set to
specific conditions, sphericity of phosphor particles can be
increased. Then, it has been found that a light emitting
device using a phosphor having increased sphericity can
significantly improve luminance level.

A phosphor according to the embodiment solves the
above problem and comprises a cerium-activated sialon
crystal having a basic composition represented by formula
(1):

[Formula 1]

St1Ce ) SigALOSN,, formula: (1
(ke

(wherein, x is 0<x<1, a is 0<a=3, and f, y,  and w are
numbers such that numerical values converted when o is 2
satisfy 5=p=9, 1=y=<5, O=a<1.5, and 10=w=20), wherein the
phosphor includes particles having a sphericity of 0.65 or
more and emits yellow light by being excited by ultraviolet
light, violet light or blue light.

Further, a method for producing a phosphor according to
the embodiment solves the above problem and comprises a
method for producing the phosphor, comprising: a classifi-
cation step of removing by classification a small particle
portion which represents a phosphor powder having a par-
ticle size of 5 um or less from the phosphor powder obtained
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by baking a mixture of phosphor raw materials that are raw
materials for the phosphor; and an annealing step of sub-
jecting the phosphor powder after classification to high
temperature annealing treatment at 1950 to 2050° C.
Further, a light emitting device according to the embodi-
ment solves the above problem and comprises: a substrate;
a semiconductor light emitting element which is arranged on
the substrate and emits ultraviolet light, violet light or blue
light; and a light emitting portion which is formed so as to
cover a light emitting surface of the semiconductor light
emitting element and contains a phosphor which emits
visible light by being excited by light emitted from the
semiconductor light emitting element, wherein the phosphor
comprises a phosphor according to any one of claims 1 to 5.

Advantages of the Invention

The phosphor having a Sr sialon structure and the light
emitting device of the present invention have high luminous
efficiency.

The method for producing a phosphor of the present
invention can efficiently produce a phosphor having a Sr
sialon structure and a light emitting device with high lumi-
nous efficiency.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 illustrates an example of an emission spectrum of
a light emitting device.

DETAILED DESCRIPTION OF THE
INVENTION

A phosphor, a method for producing a phosphor and a
light emitting device of the embodiment will be described
hereunder. The phosphor of the embodiment is a yellow
phosphor which emits yellow light by being excited by
ultraviolet light, violet light or blue light.

[Yellow Phosphor]

The yellow phosphor of the present invention comprises
a phosphor comprising a cerium-activated sialon crystal
having a basic composition represented by formula (1):

[Formula 1]

(Sr;Ce,) SigALOLN,, formula: (1)

(wherein, x is 0<x<1, a is 0<a=<3, and 9, y, 8 and w are
numbers such that numerical values converted when o is 2
satisfy 5=p=<9, 1=y=5, 0=0<1.5, and 10=w=20). Further, the
phosphor of the present invention emits yellow light by
being excited by ultraviolet light, violet light or blue light.
This yellow light emitting phosphor is also referred to as a
“Sr sialon yellow phosphor” below. Furthermore, the phos-
phor of the present invention comprises particles having a
sphericity of 0.65 or more.

Here, the relationship between the cerium-activated sialon
crystal having a basic composition represented by formula
(1) and the Sr sialon yellow phosphor will be described.

The cerium-activated sialon crystal having a basic com-
position represented by formula (1) is an orthorhombic
single crystal.

On the other hand, the Sr sialon yellow phosphor is a
crystal composed of one cerium-activated sialon crystal
having a basic composition represented by formula (1), or an
aggregate of crystals in which two or more of the cerium-
activated sialon crystals are aggregated.

The Sr sialon yellow phosphor is generally in the form of
single crystal powder.
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The Sr sialon yellow phosphor powder has an average
particle size of generally 1 pm or more and 100 pum or less,
preferably 5 um or more and 80 um or less, more preferably
8 um or more and 80 pm or less, and further preferably 8 um
or more and 40 pum or less. Here, the average particle size
refers to a measured value by a Coulter counter method,
which is the median Dy, in volume cumulative distribution.
Particles of the powder generally have a tabular or columnar
shape different from the shape of a sphere.

When the Sr sialon yellow phosphor is an aggregate of
crystals in which two or more of the cerium-activated sialon
crystals are aggregated, the respective cerium-activated sia-
lon crystals can be separated by grinding.

In formula (1), x is a number that satisfies O<x<lI,
preferably 0.025=x=<0.5, and more preferably 0.25=x<0.5.

When x is 0, the baked body prepared in the baking step
is not a phosphor. When x is 1, the Sr sialon yellow phosphor
has low luminous efficiency.

Further, the smaller the x in the range of 0<x<1, the more
likely the luminous efficiency of the Sr sialon yellow phos-
phor is to decrease. Furthermore, the larger the x in the range
of 0<x<1, the more likely the concentration quenching is to
occur due to an excess Ce concentration.

Therefore, in 0<x<1, x is a number that satisfies prefer-
ably 0.025=x<0.5, and more preferably 0.25<x<0.5.

In formula (1), the comprehensive index of Sr, (1-x)a,
represents a number that satisfies 0<(1-x)a<3. Also, the
comprehensive index of Ce, xa., represents a number that
satisfies O<xa<3. In other words, in formula (1), the com-
prehensive indices of Sr and Ce each represent a number of
more than 0 and less than 3.

In formula (1), c represents the total amount of Sr and Ce.
By defining the numerical values of 3, v,  and w when the
total amount a is a constant value 2, the ratio of a, p, y, 0
and 1 in formula (1) is clearly determined.

In formula (1), B, v, d and w represent numerical values
converted when a is 2.

In formula (1), the index of Si, f§, is a number such that
the numerical value converted when a is 2 satisfies 5<f=9.

In formula (1), the index of Al y, is a number such that
the numerical value converted when o is 2 satisfies 1=y=<5.

In formula (1), the index of O, d, is a number such that the
numerical value converted when o is 2 satisfies 0=d=<1.5.

In formula (1), the index of N, w, is a number such that
the numerical value converted when o is 2 satisfies
10=w=20.

When the indices f3, v, § and w in formula (1) are out of
the respective ranges, the composition of the phosphor
prepared by baking is likely to be different from that of the
orthorhombic Sr sialon yellow phosphor represented by
formula (1).

The Sr sialon yellow phosphor of the present invention
has a sphericity of 0.65 or more. Here, the sphericity means
Wadell’s sphericity ().

It is preferable that the sphericity be 0.65 or more because
luminance level of the Sr sialon yellow phosphor is high.

The Sr sialon yellow phosphor represented by formula (1)
excited by receiving ultraviolet light, violet light or blue
light emits yellow light or yellow to orange light having an
emission peak wavelength in the range of 550 nm or more
and 650 nm or less.

The Sr sialon yellow phosphor is produced, for example,
by a method as described below.

[Method for Producing Yellow Phosphor]

The Sr sialon yellow phosphor represented by formula (1)
can be produced, for example, by preparing a mixture of
phosphor raw materials by dry blending raw materials such
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as strontium carbonate SrCOj;, aluminum nitride AIN, sili-
con nitride Si;N,, cerium oxide CeO, and an oxide of a
non-Ce rare earth element and baking (sintering) the mixture
of phosphor raw materials in nitrogen atmosphere.

The mixture of phosphor raw materials may further
contain, as a flux agent, a fluoride of alkali metals or alkaline
earth metals, such as potassium fluoride, or strontium chlo-
ride SrCl,, which functions as a reaction accelerator.

A refractory crucible is charged with the mixture of
phosphor raw materials. Examples of the refractory crucible
used include a boron nitride crucible and a carbon crucible.

The mixture of phosphor raw materials in the refractory
crucible is baked (sintered). An apparatus that can maintain
composition and pressure of a baking atmosphere in which
the refractory crucible is placed, and baking temperature and
baking time at predetermined conditions is used as a baking
apparatus (sintering furnace). Examples of such a baking
apparatus used include an electric oven.

Inert gas is used as the baking atmosphere. Examples of
the inert gas used include N, gas, Ar gas and a mixed gas of
N, and H,.

Generally, when a phosphor powder is prepared by baking
a mixture of phosphor raw materials, a phosphor powder of
a predetermined composition is obtained by elimination of
an appropriate amount of oxygen O from the mixture of
phosphor raw materials containing an excess amount of
oxygen O based on the phosphor powder.

N, in the baking atmosphere has a function of eliminating
an appropriate amount of oxygen O from the mixture of
phosphor raw materials when a phosphor powder is prepared
by baking the mixture of phosphor raw materials.

Also, Ar in the baking atmosphere has a function of
preventing excess oxygen O from being supplied to the
mixture of phosphor raw materials when a phosphor powder
is prepared by baking the mixture of phosphor raw materials.

Also, H, in the baking atmosphere functions as a reducing
agent and eliminates more oxygen O from the mixture of
phosphor raw materials than N, when a phosphor powder is
prepared by baking the mixture of phosphor raw materials.

Therefore, when inert gas contains H,, the baking time
can be reduced compared to the case where the inert gas
does not contain H,. However, when the content of H, in
inert gas is too high, the resulting phosphor powder is likely
to have a composition different from that of the Sr sialon
yellow phosphor represented by formula (1), and therefore
the phosphor powder is likely to have low emission inten-
sity.

When the inert gas is N, gas or a mixed gas of N, and H,,
the inert gas has a molar ratio of N, to H,, N,:H,, of
generally 10:0 to 1:9, preferably 8:2 to 2:8, and more
preferably 6:4 to 4:6.

When the inert gas has a molar ratio of N, to H, within the
above range, that is, generally 10:0 to 1:9, a high quality
single crystal phosphor powder with few defects in the
crystal structure can be prepared by short-time baking.

The molar ratio of N, to H, in the inert gas can be set at
the above ratio, that is, generally 10:0 to 1:9, by supplying
N, and H, that are continuously supplied to the chamber of
a baking apparatus so that the ratio of the flow rate of N, to
that of H, is at the above ratio and by continuously dis-
charging the mixed gas in the chamber.

It is preferable that the inert gas which is the baking
atmosphere be allowed to flow so as to form a gas stream in
the chamber of a baking apparatus because the raw materials
can be homogeneously baked.
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The inert gas which is the baking atmosphere has a
pressure of generally 0.1 MPa (about 1 atm) to 1.0 MPa
(about 10 atm), preferably 0.4 MPa to 0.8 MPa.

When the pressure of the baking atmosphere is less than
0.1 MPa, the phosphor powder obtained by baking is likely
to have a composition different from that of the Sr sialon
yellow phosphor represented by formula (1), as compared to
the mixture of phosphor raw materials put in a crucible
before baking. Therefore, the phosphor powder is likely to
have low emission intensity.

When the pressure of the baking atmosphere is more than
1.0 MPa, the baking conditions are not very different from
those in the case where the pressure is 1.0 MPa or less,
which results in waste of energy and is not preferable.

The baking temperature is generally 1400° C. to 2000° C.,
preferably 1750° C. to 1950° C., more preferably 1800° C.
to 1900° C.

When the baking temperature is in the range of 1400° C.
to 2000° C., a high quality single crystal phosphor powder
with few defects in the crystal structure can be obtained by
short-time baking.

When the baking temperature is less than 1400° C., it is
likely that the color of light emitted from the resulting
phosphor powder when excited by ultraviolet light, violet
light or blue light is not a desired one. More specifically, it
is likely that when the Sr sialon yellow phosphor represented
by formula (1) is desired to be produced, the color of light
emitted when excited by ultraviolet light, violet light or blue
light is not yellow.

When the baking temperature is more than 2000° C., the
resulting phosphor powder is likely to have a composition
different from that of the Sr sialon yellow phosphor repre-
sented by formula (1) due to an increased degree of elimi-
nation of N and O during baking. Therefore, the phosphor
powder is likely to have low emission intensity.

The baking time is generally 0.5 hours to 20 hours,
preferably 1 hour to 10 hours, more preferably 1 hour to 5
hours, further preferably 1.5 hours to 2.5 hours.

When the baking time is less than 0.5 hours or more than
20 hours, the resulting phosphor powder is likely to have a
composition different from that of the Sr sialon yellow
phosphor represented by formula (1). Therefore, the phos-
phor powder is likely to have low emission intensity.

When the baking temperature is high, the baking time is
preferably short, ranging from 0.5 hours to 20 hours. When
the baking temperature is low, the baking time is preferably
long, ranging from 0.5 hours to 20 hours.

A baked body of a phosphor powder is produced in the
refractory crucible after baking. Generally, the baked body
is a weak agglomerate. When the baked body is lightly
ground with a pestle or the like, a phosphor powder is
obtained. The phosphor powder obtained by grinding is a
powder of the Sr sialon yellow phosphor represented by
formula (1).

The particles of the Sr sialon yellow phosphor prepared
through processes as described above have a tabular or
columnar shape different from the shape of a sphere. The
present inventors have searched for a method for increasing
sphericity of phosphor particle shapes and, as a result, have
found that the particle shape is greatly influenced by remov-
ing small particles having a size of 5 um or less contained
in the phosphor and then subjecting the phosphor to anneal-
ing treatment at a high temperature of 1950 to 2050° C.

Specifically, the particle size distribution of the Sr sialon
yellow phosphor obtained by a conventional production
method comprises: a particle group having a peak at 7 to 18
um; and a particle group having a peak at 1 to 7 um. When
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such a phosphor was used to investigate the change of the
particle shape by high temperature annealing treatment, the
phosphor belonging to the large particle group has shown
slight increase in sphericity of the particle shape to some
extent.

However, it has been proven that the phosphor belonging
to the small particle group enters into a gap formed in the
large particle group and functions to react with the large
particle group, undergo sintering and agglomerate the phos-
phor.

In order to use the phosphor agglomerated by annealing
treatment as a powder, it is necessary to perform a grinding
process using a ball mill or the like. However, since small
particles that may have been produced by grinding are
mixed in the phosphor that has passed through such a
grinding process, the sphericity of the phosphor as the whole
has not been improved.

Therefore, it has been found that, in the present invention,
when high temperature annealing treatment is performed
after previously removing by classification the small particle
group contained in the Sr sialon yellow phosphor obtained
by a conventional production method, the sphericity of the
powder phosphor can be significantly improved because the
agglomeration of the phosphor by the high temperature
annealing treatment is suppressed. By the classification step
and the high temperature annealing treatment, the Wadell’s
sphericity of the phosphor powder is improved from about
0.4 to 0.5 of the phosphor powder obtained by a conven-
tional production method to 0.65 or more.

Here, Wadell’s sphericity (1)) has been determined by the
following method. First, particle size distribution of a pow-
der phosphor is measured by a Coulter counter method. In
the resulting particle size distribution, Ni represents number
frequency of a certain particle size Di. Here, the Coulter
counter method is a method of specifying particle size from
a voltage change depending on the volume of particles, and
the particle size Di represents the diameter of a spherical
particle having the same volume as that of an actual particle
specified by the voltage change.

The number frequency Ni and particle size Di are used to
calculate a specific surface area (S) of a powder phosphor.
The specific surface area is a surface area of powder divided
by weight thereof, and is defined as a surface area per unit
weight.

A particle having a particle size Di has a weight of
(4n/3)x(Di/2)*xNixp (here, p is a density of powder).
Weight of powder is represented by formula (A2) in which
the weight is summed up for each particle size.

[Expression 2]

S{(@n/3)x(Di/2*xNixp} (A2)

A particle having a particle size Di has a surface area of
4mx(Di/2)*xNi. However, since actual shape of particles is
not a sphere, an actual specific surface area is a value
obtained by summing up the surface area divided by
Wadell’s sphericity (), {4mx(Di/2)*xNi}/y, for each par-
ticle size.

Therefore, the specific surface area (S) of a powder
phosphor is represented by formula (A3).

[Expression 3]

S = [Z{4n x (Di] 27 x Ni} /) [ [E{(47 /3) x (Di[2)* x Nix p}] (A3)

= (6/p/¥) X (D x N} [{Z(DP x Nij)
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Actually, Wadell’s sphericity () may be a little different
for each particle size, which can be interpreted as an average
value of deviations from a sphere, as a whole powder.

On the other hand, a flowing-gas technique (such as a
Blaine method and a Fisher method or the like) is known as
a method for measuring a particle size of powder. In this
method, a metal tube with both ends opened is filled with
powder, and air is passed through the powder layer, that is,
caused to flow therethrough to specify the particle size from
an ease of passing air. This particle size is called a specific
surface area diameter (d). The specific surface area diameter
(d) and the specific surface area (S) have a relationship of
formula (A4).

[Expression 4]

S=6/p/d (A%)

Therefore, Wadell’s sphericity (y) can be determined by
formula (A5) by comparing the specific surface area calcu-
lated from the particle size distribution to the specific
surface area calculated from the particle size by the flowing-
gas technique.

[Expression 5]

P=dx {Z(D?xNi) H{Z(Di*x Ni)} (AS5)

A particle size in a particle size distribution is generally
expressed as a particle size range. However, in the present
invention, a median value in a particle size range given by
a particle size Di is used, and every particle size range has
been set at 0.2 pm in order to improve precision. The particle
size distribution can be approximated by two straight lines
when the distribution is plotted on logarithmico-normal
probability paper. Therefore, number frequency data for
every 0.2 um can be easily obtained from the two normal
probability distributions.

In a phosphor powder obtained by baking a mixture of
phosphor raw materials as described above, particle size
distribution comprises, for example, a particle group having
a peak in a range of more than 7 um to 18 pum or less and a
particle group having a peak in a range of more than 1 pm
to 7 um or less. In the present invention, a powder belonging
to the small particle group in particle size distribution is
removed by taking the classification step of removing by
classification a small particle portion from the phosphor
powder obtained by baking a mixture of phosphor raw
materials.

(Classification Step)

The classification step is a step of removing by classifi-
cation a small particle portion which is a phosphor powder
having a particle size of 5 um or less from the phosphor
powder obtained by baking a mixture of phosphor raw
materials that are raw material for a phosphor.

The small particle portion removed by classification in the
classification step is generally a powder of 5 um or less,
preferably a powder of 7 um or less.

Examples of classification methods that can be used
include a classification method of using a mesh and a
classification method of dispersing a phosphor in water,
allowing the dispersion to stand, and removing small par-
ticles by the difference in settlement due to the particle size.
The amount of small particles removed by such classifica-
tion is 15% by mass or less based on the amount of a
phosphor before classification.

A phosphor powder having a particle size distribution
from which a portion with a small particle size has been
removed is obtained by performing this classification step.
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In the present invention, the phosphor powder obtained by
performing the classification step is then subjected to an
annealing step.

(Annealing Step)

The annealing step is a step of subjecting the phosphor
powder after completion of the classification to high tem-
perature annealing treatment at 1950 to 2050° C.

If the temperature of annealing treatment is less than
1950° C., the increase in sphericity by annealing is small.

If the temperature of annealing treatment exceeds 2050°
C., the luminance of the phosphor is likely to decrease.

The time of annealing treatment is generally set to 3 hours
or more, preferably 10 hours or less.

If the time of annealing treatment is less than 3 hours, the
increase in sphericity of the phosphor powder by annealing
treatment may not be sufficient.

If the time of annealing treatment exceeds 10 hours, the
particle size of the phosphor powder is likely to be increased
by the sintering between particles.

By subjecting the phosphor powder obtained by perform-
ing the classification step to annealing step, the Wadell’s
sphericity of the phosphor powder will be 0.65 or more.

Table 1 shows an example of the relationship between the
change in sphericity of a phosphor powder and the lumi-
nance of the light emitting device of the present invention.
As a phosphor, a phosphor having a composition of
Sr, Ce, 4Si,A1;ON, ; was used.

TABLE 1

25

10

emitting device which emits white light from the emitting
surface thereof as a result of color mixture of light such as
red light, blue light and green light emitted from the phos-
phors of respective colors.

Note that the light emitting device may contain, as a
phosphor, the Sr sialon yellow phosphor represented by
formula (1), and the Sr sialon green phosphor and Sr sialon
red phosphor. When the light emitting device contains the Sr
sialon yellow, green, and red phosphors as a phosphor, the
resulting light emitting device has good temperature char-
acteristics.

(Substrate)

Examples of a substrate used include ceramics such as
alumina and aluminum nitride (AIN) and glass epoxy resin.
A substrate made of an alumina plate or an aluminum nitride
plate is preferred because it has high thermal conductivity
and can suppress a temperature rise in LED light sources.
(Semiconductor Light Emitting Element)

A semiconductor light emitting element is arranged on the
substrate.

As the semiconductor light emitting element, a semicon-
ductor light emitting element which emits ultraviolet light,
violet light or blue light is used. Here, the ultraviolet light,
violet light or blue light means light having a peak wave-
length in the wavelength range of ultraviolet, violet or blue
light, respectively. It is preferable that the ultraviolet light,

Light
Manufacturing Conditions Emitting
Classification Step Device
(Removing 14 mass % of Phosphor Light
smaller particle side group High Temperature Powder Emission
from total phosphor Anealing Treatment  Sphericity Luminance
particles) (2000° C., 5 Hr) (yp) (%)
Conventional Method None None 0.45 100
Classification and High ~ Conducted Conducted 0.70 115

Temperature Annealing
Treatment for Phosphor

As is clear from the results shown in Table 1, there is a
correlation between sphericity and light emission lumi-
nance. Thus, it is found that the luminance of a light emitting
device can be effectively improved by using the Sr sialon
yellow phosphor according to the present invention.

[Light Emitting Device]

The light emitting device uses the Sr sialon yellow
phosphor represented by formula (1).

More specifically, the light emitting device comprises: a
substrate; a semiconductor light emitting element which is
arranged on the substrate and emits ultraviolet light, violet
light or blue light; and a light emitting portion which is
formed so as to cover a light emitting surface of the
semiconductor light emitting element and contains a phos-
phor which emits visible light by being excited by light
emitted from the semiconductor light emitting element,
wherein the phosphor comprises the Sr sialon yellow phos-
phor represented by formula (1). Thereby, the light emitting
device emits yellow light.

Alternatively, when the light emitting device is designed
so that the light emitting portion contains a blue phosphor
and green and red phosphors such as Sr sialon green and red
phosphors having a Sr sialon structure in addition to the Sr
sialon yellow phosphor, the device can become a white light

45

50

55

violet light or blue light have a peak wavelength in the range
of 370 nm or more and 470 nm or less.

Examples of the semiconductor light emitting element
that emits ultraviolet light, violet light or blue light which
are used include ultraviolet light emitting diodes, violet light
emitting diodes, blue light emitting diodes, ultraviolet laser
diodes, violet laser diodes and blue laser diodes. Note that
when a laser diode is used as the semiconductor light
emitting element, the peak wavelength described above
means a peak oscillation wavelength.

(Light Emitting Portion)

The light emitting portion contains, in a cured transparent
resin, a phosphor which emits visible light by being excited
by ultraviolet light, violet light or blue light emitted from the
semiconductor light emitting element. The light emitting
portion is formed so as to cover a light emitting surface of
the semiconductor light emitting element.

The phosphor used in the light emitting portion comprises
at least the Sr sialon yellow phosphor described above.
Alternatively, the phosphor may comprise the Sr sialon
green and red phosphors.

Also, the phosphor used in the light emitting portion may
comprise the Sr sialon yellow phosphor and a phosphor
different from the Sr sialon yellow phosphor. Examples of



US 9,487,696 B2

11

the phosphor different from the Sr sialon yellow phosphor
which may be used include a red phosphor, a blue phosphor,
a green phosphor, a yellow phosphor, a violet phosphor and
an orange phosphor. Phosphors in the form of powder are
generally used.

In the light emitting portion, the phosphor is present in a
cured transparent resin. Generally the phosphor is dispersed
in the cured transparent resin.

The cured transparent resin used for the light emitting
portion is a resin prepared by curing a transparent resin, that
is, a resin having high transparency. Examples of transparent
resins used include silicone resins and epoxy resins. Silicone
resins are preferred because they have higher UV resistance
than epoxy resins. Among the silicone resins, dimethyl
silicone resin is more preferred because of its high UV
resistance.

It is preferred that the light emitting portion comprise a
cured transparent resin in a proportion of 20 to 1000 parts by
mass based on 100 parts by mass of the phosphor. When the
proportion of the cured transparent resin to the phosphor is
in this range, the light emitting portion has high emission
intensity.

The light emitting portion has a film thickness of gener-
ally 80 um or more and 800 um or less, and preferably 150
um or more and 600 um or less. When the light emitting
portion has a film thickness of 80 pum or more and 800 pm
or less, practical brightness can be secured with a small
amount of leakage of ultraviolet light, violet light or blue
light emitted from the semiconductor light emitting element.
When the light emitting portion has a film thickness of 150
um or more and 600 pum or less, a brighter light can be
emitted from the light emitting portion.

The light emitting portion is obtained, for example, by
first mixing a transparent resin and a phosphor to prepare a
phosphor slurry in which the phosphor is dispersed in the
transparent resin, and then applying the phosphor slurry to
a semiconductor light emitting element or to the inner
surface of a globe, and curing.

When the phosphor slurry is applied to the semiconductor
light emitting element, the light emitting portion covers the
semiconductor light emitting element with being in contact
therewith. When the phosphor slurry is applied to the inner
surface of a globe, the light emitting portion is remote
(apart) from the semiconductor light emitting element and
formed on the inner surface of the globe. The light emitting
device in which the light emitting portion is formed on the
inner surface of the globe is called a remote phosphor type
LED light emitting device.

The phosphor slurry may be cured by heating, for
example, at 100° C. to 160° C.

FIG. 1 illustrates an example of an emission spectrum of
a light emitting device.

More specifically, FIG. 1 illustrates an emission spectrum
of a yellow light emitting device at 25° C., in which a violet
LED which emits violet light having a peak wavelength of
400 nm is used as a semiconductor light emitting element
and only a Sr sialon yellow phosphor having a basic com-
position represented by Sr, ;Ce, ,Si,Al;ON,; is used as a
phosphor.

Note that the violet LED has a forward voltage drop Vfof
3.190 V and a forward current If of 20 mA.

35
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As shown in FIG. 1, the yellow light emitting device using
the Sr sialon yellow phosphor represented by formula (1) as
a phosphor is confirmed to have high emission intensity
even when a short-wavelength excitation light such as violet
light is used.

EXAMPLES

Examples will be shown below, but the present invention
should not be construed as being limited thereto.

Example 1

Production of Yellow Phosphor

First, 312 g of SrCO;, 162 g of AIN, 432 g of Si;N,,, and
91 g of CeO, were weighed and an appropriate amount of a
flux agent was added thereto, and the mixture was dry-
blended to prepare a mixture of phosphor raw materials.
Thereafter, a boron nitride crucible was charged with the
mixture of phosphor raw materials.

The boron nitride crucible charged with the mixture of
phosphor raw materials was baked in an electric furnace in
a nitrogen atmosphere of 0.7 MPa (about 7 atm) at 1850°C.
for 2 hours. As a result, an agglomerate of the baked powder
was obtained in the crucible.

Next, the agglomerate was ground, and then pure water
was added to the baked powder in an amount of 10 times the
mass of the baked powder. The resulting mixture was stirred
for 10 minutes and filtered to obtain a baked powder. The
procedure of washing the baked powder was repeated
another 4 times to carry out washing for 5 times in total.

<Classification Step>

Next, the classification was performed by adding pure
water to the washed baked powder in an amount of 10 times
the mass of the baked powder in the same manner as in
washing, stirring the mixture for 10 minutes, stopping the
stirring, allowing the resulting mixture to stand for a pre-
determined period of time, and then discharging a superna-
tant with a phosphor having small particles. The operation of
classification was repeated 3 times. The baked powder after
classification was filtered and dried, and then sieved through
a nylon mesh with an aperture of 45 pum.

<Annealing Step>

Next, a boron nitride crucible was charged with the
phosphor powder obtained by sieving, and the phosphor
powder was subjected to a high-temperature annealing treat-
ment at a temperature of 2000°C. for 5 hours in a nitrogen
atmosphere of 0.7 MPa (about 7 atm) in an electric furnace.
After completion of the annealing treatment, the resulting
phosphor powder was subjected to milling treatment,
washed, dried, and sieved to obtain the baked powder of
Example 1 according to the present invention.

The baked powder was analyzed and found to be a single
crystal Sr sialon yellow phosphor having the composition
shown in Table 2.
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Classification
Process
Removing

ratio of small _ Annealing Process

Luminous

Basic Composition of Baked particles Temperature Time Sphericity Efficacy
Sample No. Powder (mass %) °C) (Hr) (®) (%)
Example I Sr; (Ceo4Si;ALON, 5 14 2000 5 0.7 115
Comparative Sr; ¢Ceg 4Si;Al;ON |3 — — — 045 100
Example 1
Example 2 St, ,Ceq 3SigAl,0q Ny, 12 2050 7 0.68 112
Comparative Sr; ,Ceg 3SigAl304 N> — — — 0.47 100
Example 2
Example 3 Sr; (Ceg 4Si; 2AL,Og 5N 15 1970 3 0.69 110
Comparative Sr; (Ceq 4Si;5,A1,04 sN |3 — — — 0.44 100
Example 3
Example 4  Sr, (Ceg 4SipAl;00 N5 14 2030 4 0.66 113
Comparative  St, ¢Ceg 4SigAl;Og 7N |5 — — — 0.48 100
Example 4
Example 5 Sr; (Ce4SigALLON,, 13 1960 6 0.71 114
Comparative Sr; ¢Ceg 4SigALLON 4 — — — 0.5 100
Example 5
Example 6 St Ceq 3SigAlL,Og 5N, 5 10 2010 6 07 115
Comparative St, 5Ceg 3SigAlOg sN |5 — — — 043 100
Example 6
Example 7 Sr; ;Ceg 3Si;Al 50 [Nys 15 2000 4 0.69 114
Comparative Sr; ,Ceq 3Si;Al, sOy (N5 — — — 0.42 100
Example 7
Example 8  Sr; (Ce 4SigALLON,, 14 2040 8 0.66 112
Comparative Sr; ¢Ceg 4SigALLON 4 — — — 045 100
Example 8
Example 9 Sr; ;Ceg 3SigAl, 100 N3 13 1980 6 0.68 116
Comparative  Sr; ;Ceg 3SigAl, 70g N3 — — — 043 100
Example 9
Example 10 Sr; (Ceg 4SizAly ;095N 4 12 2000 5 0.7 116
Comparative Sty ¢Ce 4Si;AL O N 4 — — — 0.48 100
Example 10
. . .. . 35 .
(Production of Light Emitting Device) Examples 2 to 10 and Comparative Examples 2 to
A light emitting device was produced by using the result- 10
ing Sr sialon yellow phosphor. .
Production of Yellow Phosphor
(Evaluation of Yellow Phosphor and Light Emitting Device) 2

Sphericity was measured for the resulting Sr sialon yellow
phosphor, and the luminous efficacy (light emission lumi-
nance) of the light emitting device using the Sr sialon yellow
phosphor was measured. The luminous efficacy, measured at
room temperature (25° C.), is shown as a relative value (%)
in which the luminous efficacy (Im/W) at room temperature
of a light emitting device in Comparative Example 1 to be
described below is taken as 100.

Note that the phosphor in Comparative Example 1 is
produced in the same manner as in Example 1 except that the
classification step and the annealing step are not performed.

The measurement results of sphericity and luminous
efficacy are shown in Table 2.

Comparative Example 1

A phosphor was produced in the same manner as in
Example 1 except that the classification step and the anneal-
ing step were not performed.

Sphericity was measured for the resulting yellow phos-
phor, and the luminous efficacy of the light emitting device
using this phosphor was measured, in the same manner as in
Example 1. The measurement results of sphericity and
luminous efficacy are shown in Table 2.
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Yellow phosphors were produced in the same manner as
in Example 1 except that the conditions of the classification
step and the annealing step were changed as shown in Table
2 (Examples 2 to 10).

Phosphors were produced in the same manner as in
respective Examples 2 to 10 except that the classification
step and the annealing step were not performed (Compara-
tive Examples 2 to 10).

Sphericity was measured for the resulting yellow phos-
phors (Examples 2 to 10 and Comparative Examples 2 to
10), and the luminous efficacy of the light emitting device
using these phosphors was measured, in the same manner as
in Example 1. The measurement results of sphericity and
luminous efficacy are shown in Table 2.

Note that the luminous efficacy of light emitting devices
in Examples 2 to 10 is shown as a relative value (%) in
which the luminous efficacy (Im/W) of light emitting
devices in Comparative Examples produced in the same
manner as in Examples except for not performing the
classification step and the annealing step is taken as 100.

More specifically, the luminous efficacy of light emitting
devices in Examples 2 to 10 is shown as a relative value (%)
in which the luminous efficacy (Im/W) of light emitting
devices in Comparative Examples 2 to 10, respectively, is
taken as 100.

Table 2 shows that a phosphor having increased sphericity
by the process of the present invention and the light emitting
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devices each using the phosphor have better luminous
efficacy than conventional phosphors and light emitting
devices using conventional phosphors.

Note that although several embodiments of the present
invention have been described, these embodiments are pre-
sented as examples only and are not intended to limit the
scope of the present invention. These new embodiments can
be performed in other various modes, and various omissions,
substitutions and changes can be made without departing
from the spirit of the invention. These embodiments and
modifications thereof are included in the scope and spirit of
the invention, and included in the invention described in the
claims and its equivalent scope.

The invention claimed:

1. A phosphor comprising a cerium-activated Sialon crys-
tal having at least one basic composition selected from the
group consisting of:

(Sr1.1Cey)2 051, ALON, 53

(Sr1.1Ce)2.0815A1,00 | N 5

(Sr1.1Cey)2. 0517 2AL, O 5Ny 53

(Sry_Ce,); 0SioAL O, ;N 5

(Sr1.Cey )y oSisALLON 43

(Sry_,Ce,); £813AL O, 5N 5

(Sr1.1Ce)2.0517AL 500 1 Ny 53

(Sr1.1Cey)y 0SicALLON 4

(Sr.1Cey)2 0S15AL ;00 6Ny 53 and

(S11.Ce)2 0517AL 106 5Ny 4,

wherein x is O<x<1

wherein the phosphor includes particles having a Wadell’s

sphericity of 0.65 or more and emits yellow light by
being excited by ultraviolet light, violet light or blue
light, and

wherein the Wadell’s sphericity () is defined by the

formula:

10
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YP=(A surface area of a sphere having a same volume as 35

that of an actual particle)/(A surface area of an actual
particle).
2. The phosphor according to claim 1, wherein the phos-
phor belongs to an orthorhombic system.

16

3. The phosphor according to claim 1, wherein the ultra-
violet light, violet light or blue light has a peak wavelength
in a range of 370 nm or more and 470 nm or less.

4. The phosphor according to claim 1, wherein the phos-
phor has an average particle size of 5 um or more and 80 pm
or less.

5. The phosphor according to claim 1, wherein the phos-
phor has an emission peak wavelength of 550 nm or more
and 650 nm or less.

6. A method for producing a phosphor according to claim
1, comprising:

a classification step of removing by classification a small
particle portion which represents a phosphor powder
having a particle size of 5 um or less from the phosphor
powder obtained by baking a mixture of phosphor raw
materials that are raw materials for the phosphor; and

an annealing step of subjecting the phosphor powder after
classification to high temperature annealing treatment
in a nitrogen gas atmosphere at 1950 to 2050° C. for 3to
10 hours.

7. A light emitting device comprising:

a substrate;

a semiconductor light emitting element which is arranged
on the substrate and emits ultraviolet light, violet light
or blue light; and

a light emitting portion which is formed so as to cover a
light emitting surface of the semiconductor light emit-
ting element and contains a phosphor which emits
visible light by being excited by light emitted from the
semiconductor light emitting element,

wherein the phosphor comprises a phosphor according to
claim 1.

8. The light emitting device according to claim 7, wherein
the semiconductor light emitting element is a light emitting
diode or a laser diode which emits light having a peak
wavelength in a range of 370 nm or more and 470 nm or less.

#* #* #* #* #*



